The actual low voltage distribution networks are normally unbalanced due to the presence of high-power single-phase loads (mains frequency induction or resistance furnaces, welding transformers, etc.); the degree of unbalance depends on the electrical system composition and load operation and it is always accompanied by certain unpleasant disturbances.
On the other hand, more or less important voltage distortion is existing in the industrial power systems. In their turn, due to the presence of their reactive components, the symmetrizing circuitries have an asymmetric resonance behavior in the range of higher frequencies, and thus, an asymmetric absorbing effect to the existing voltage harmonics.
Let us consider an induction furnace balanced with Steimetz circuitry and supplied by a polluted balanced line voltage system. Taking into account the previous ideas, the goal of the paper is to study the frequency response of this power circuitry. The study is necessary to identify the resonance phenomena that could appear and to analyze the influence of voltage harmonics on power systems behavior.
The complete scheme of the power system consists of Steinmetz circuitry and the supply system impedance. Analyzing the frequency response of this system - Figure 1 -we can see that a series resonance appears on phases 1 and 3, very closed to 550 Hz. The resonance frequency practically equals the frequency of a very common harmonic existing in the power systems with power electronic equipment (especially variable speed drives).
This resonant behavior can amplify the currents generated by the existing supply voltage harmonics; as a result, tremendous line currents can occur in the industrial power systems, damaging both the utility and customer equipment.
The phase angle of the harmonics contained by the supply voltage has also a great influence on the line currents - Figure 2 (harmonic order, n =11): for some values of the phase angles, a modulation phenomenon appears on the phases where the symmetrizing capacitor is connected. At the same time, the real power absorbed by the balanced three-phase load depends on the level of voltage harmonics and their phase angle.
The results obtained by authors have highlighted the following:
the resonance phenomena depend on load, symmetrizing elements and supply system characteristics; very often, the resonance frequencies can draw near the frequencies of the existing harmonic voltages; the power factor capacitor brings about multiple resonance phenomena; if the short-circuit power at the PCC is great enough, the unpleasant consequences of the resonance phenomena can be practically neglected.
On the other hand, the harmonic phase angles deeply influence the line current waveforms and the power losses in the power system. 
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3 . Depending on the network resonant behavior, more or less dominant voltage harmonics are existing in industrial power systems; the paper deals with the resonant behavior of the Steinmetz circuitry operating in harmonic polluted power systems.
INTRODUCTION
The actual low voltage distribution networks are normally unbalanced due to the presence of high-power single-phase loads (mains frequency induction or resistance furnaces, welding transformers, etc.); the degree of unbalance depends on the electrical system composition and load operation and it is always accompanied by certain unpleasant disturbances such as: excessive power losses in neutral lines and electrical machines; saturation of transformers; ripple in rectifiers; protection and interference problems; decrease of power factor and equipment life-time expectancy.
Taking into account the negative effects of the power system unbalance, circuitries consisting of receivers, reactors and capacitors, suitable connected, were developed in order to reduce the influence of highpower single-phase loads [Kurbiel (1), Chindris et al (2)]. For electroheating receivers, the Steinmetz circuitry - Figure 1 , consisting of a reactor (L St ) and a capacitor (C St ) ∆ -connected with the receiver (R 0 , L 0 ) is widely spread (the capacitor C c is for the load power factor correction).
The reactance of supplementary reactive elements should be imposed so that the symmetry of the line currents occurs, i.e.: where a is the rotation factor. The above condition for complex quantities allows calculating the symmetrizing elements as
for reactor, and
for the capacitor, respectively. For the foregoing values, the line currents have the same absolute value 2 0 2 0 2 0 2 0
and are equally shifted to each others (U is the r.m.s. value of the supply voltage).
If the power factor of the single-phase receiver is denoted by λ, the power factor of the balanced system can be calculated from the relationship and has a value much smaller than λ. In practice, in order to assure the imposed range (normally λ S ≥ 0,92), the individual compensation of the load (by the parallel connected capacitor C c ) is implemented.
On the other hand, the actual electric power systems are characterized by line currents distortion due to high power non-linear loads [Chindris and Sudria (3) ]. Thus, depending on the network parameters, more or less 
important voltage distortion is existing in the industrial power systems. In their turn, due to the presence of reactive components, the symmetrizing circuitries have an asymmetric resonance behavior in the range of higher frequencies, and thus, an asymmetric absorbing effect to the existing voltage harmonics.
In order to become able to consider all critical operation states of the receiver, as well as the influence of symmetrizing system over the power supply, its behavior under non-sinusoidal conditions must be studied.
Let us consider the following balanced line voltage supply system [Sora (4)]:
where n is the harmonic order.
FREQUENCY RESPONSE OF POWER SYSTEMS WITH SYMMETRIZING CIRCUITRIES
Taking into account the previous ideas, our goal is to study the frequency response of the power systems supplying technical balanced single-phase loads. This study is necessary to identify the resonance phenomena that could appear and to analyze the influence of voltage harmonics on power systems behavior. 
( ) ( ) 
Steinmetz circuitry behavior
If the supply system impedances and the compensation capacitor are not taken into account, the symmetrizing circuitry admittance variation is shown in figure 2 . A parallel resonance can be observed for Y 1 and Y 3 admittances at 150 and 200 Hz, respectively, the values of resonance frequencies depending on load and supplementary reactive elements.
Power system behavior
The complete scheme of the power system contains Steinmetz circuitry and the supply system impedance. Analyzing the frequency response of this system - Figure 3 -we can see the major influence of power supply: a series resonance appears on phases 1 and 3, very closed to 550 Hz. This time, the resonance frequency practically equals the frequency of a very common harmonic existing in the power systems with power electronic equipment (especially variable speed drives).
On the other hand, the resonance phenomena depend on the ratio between the short-circuit power of the supply system at the point of common coupling S sc and the load apparent power S - Figure 4 .
It can be seen that practically, for values of the S sc /S ratio greater than 30, the harmonic order of the resonance frequencies outruns the range of usual harmonic voltages. It results that the increasing of the short-circuit power at the point of common coupling can avoid the unpleasant consequences of the resonance phenomena.
The influence of PF compensating capacitor
If we consider the behavior of the supply system and a full compensated load (power factor PF = 1 at fundamental frequency), the admittances are calculated also by the relationship (7) where:
In this case, the existence of multiple resonance phenomena on different phases can be highlighted - Figure 5 . The resonance frequencies depend on both symmetrizing elements and compensating capacitor and sometimes can draw near existing harmonic voltages.
INFLUENCE OF HARMONIC VOLTAGE PHASE ANGLE
The phase angle of the harmonics contained by the supply voltage has a great influence on the line currents. Figures 6 and 7 present the line current waveforms in a power system supplying an induction furnace balanced by a Steinmetz circuitry. It can be seen that for some values of the phase angles a modulation phenomenon appears on the phases where the symmetrizing capacitor is connected. At the same time, the real (active) power absorbed by the balanced three-phase load depends on the level of voltage harmonics and their phase angles. Figure 8 shows the three-phase active power for the above mentioned induction furnace supplied by a voltage containing an 11-th harmonic with U 11 = 0.065 U 1 [V] ; the phase angles range between 0 and 2π rad, and as a result, the active power ranges between 13. 
CONCLUSION
Due to presence of high-power single-phase loads, electrical networks are normally unbalanced and their degree of imbalance depends on the networks composition and load operation. The supplementary negative and zero sequence currents and/or voltages that appear in unbalanced systems may cause additional losses and damages to electrical networks.
Load compensation at the load bus is an effective method to mitigate or even eliminate those undesired sequence components; systems consisting of reactors, capacitors and receivers, suitably connected with each others, make it possible to load the network with symmetrical currents. However, the actual passive symmetrizing systems, due to their reactive components, can amplify the currents generated by the existing supply voltage harmonics. As a result, tremendous line currents can occur in the industrial power systems damaging both the utility and customer equipment.
The results obtained by authors have highlighted the following: the resonance phenomena depend on load, symmetrizing elements and supply system characteristics; very often, the resonance frequencies can draw near the frequencies of the existing harmonic voltages; the power factor capacitor brings about multiple resonance phenomena; if the ratio S sc /S is great enough, the unpleasant consequences of the resonance phenomena can be practically neglected.
